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1. INTRODUCTION {#dom13816-sec-0005}
===============

Despite the availability of effective glucose‐lowering agents, many patients with type 2 diabetes (T2D) do not achieve glycaemic targets.[1](#dom13816-bib-0001){ref-type="ref"}, [2](#dom13816-bib-0002){ref-type="ref"}, [3](#dom13816-bib-0003){ref-type="ref"} Adherence to and persistence with treatment regimens are important factors for treatment effectiveness.[4](#dom13816-bib-0004){ref-type="ref"} Higher treatment satisfaction has been associated with better treatment adherence and improved persistence.[5](#dom13816-bib-0005){ref-type="ref"}

Ongoing day‐to‐day management of T2D lies with the patient and their caregivers, and treatment guidelines are moving towards an individualized approach to improve treatment satisfaction and adherence.[6](#dom13816-bib-0006){ref-type="ref"}, [7](#dom13816-bib-0007){ref-type="ref"}, [8](#dom13816-bib-0008){ref-type="ref"} Surveys have shown that key determinants of treatment preference among patients with T2D include route of administration (e.g. oral vs. injectable), convenience and low frequency of administration, efficacy (e.g. achievement of glycaemic control) and safety \[e.g. adverse events (AEs) including weight gain, gastrointestinal (GI) effects and hypoglycaemia\].[9](#dom13816-bib-0009){ref-type="ref"}, [10](#dom13816-bib-0010){ref-type="ref"}, [11](#dom13816-bib-0011){ref-type="ref"}, [12](#dom13816-bib-0012){ref-type="ref"} In addition to biomarkers and clinical data, patient‐reported outcomes (PROs) can provide insights into risks and benefits of T2D treatments.[9](#dom13816-bib-0009){ref-type="ref"} Consequently, PROs are frequently assessed in T2D trials, including measures such as treatment satisfaction, quality of life, well‐being, health status and impact of weight changes.[9](#dom13816-bib-0009){ref-type="ref"}

Standardized instruments have been developed for the reliable assessment of PROs in patients with T2D.[9](#dom13816-bib-0009){ref-type="ref"} The Diabetes Treatment Satisfaction Questionnaire (DTSQ) is designed to assess patient satisfaction during treatment.[13](#dom13816-bib-0013){ref-type="ref"}, [14](#dom13816-bib-0014){ref-type="ref"} It is recommended by the World Health Organization and the International Diabetes Federation to evaluate the impact of new treatments on psychological well‐being and patient satisfaction.[15](#dom13816-bib-0015){ref-type="ref"} The DTSQ is one of the most widely used PRO tools in phase 3 trials of glucagon‐like peptide‐1 receptor agonists (GLP‐1RAs) and novel insulins;[9](#dom13816-bib-0009){ref-type="ref"} being disease‐specific, it allows comparisons between different groups of patients with diabetes.[13](#dom13816-bib-0013){ref-type="ref"}, [15](#dom13816-bib-0015){ref-type="ref"} DTSQ‐measured treatment satisfaction has been shown to be independently associated with factors related to adherence.[16](#dom13816-bib-0016){ref-type="ref"}

Semaglutide is a GLP‐1RA approved for once‐weekly treatment of T2D.[17](#dom13816-bib-0017){ref-type="ref"} The phase 3 clinical trial programme, Semaglutide Unabated Sustainability in Treatment of type 2 diabetes (SUSTAIN), investigated subcutaneous semaglutide once weekly versus placebo or active comparators \[sitagliptin, exenatide extended release (ER), insulin glargine (IGlar) and dulaglutide\] across the continuum of care in \>9000 patients with T2D. Across SUSTAIN, semaglutide consistently provided superior HbA1c and body weight reductions versus comparators.[18](#dom13816-bib-0018){ref-type="ref"}, [19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [23](#dom13816-bib-0023){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"} The DTSQ (status version) was used to assess PROs in all trials except SUSTAIN 1, in which semaglutide monotherapy was compared with placebo, and SUSTAIN 6, a cardiovascular and long‐term outcomes trial (also vs. placebo).[18](#dom13816-bib-0018){ref-type="ref"}, [23](#dom13816-bib-0023){ref-type="ref"}

The aim of this analysis was to further investigate patient‐perceived treatment satisfaction with semaglutide versus comparators or placebo in the SUSTAIN trials utilizing the DTSQ (SUSTAIN 2--5 and 7) and to explore the effect of specific treatment outcomes, such as GI AEs, weight loss (WL ≥ 5%) or glycaemic (HbA1c \< 7%) targets, on treatment satisfaction.

2. MATERIALS AND METHODS {#dom13816-sec-0006}
========================

2.1. Trial design {#dom13816-sec-0007}
-----------------

The trial designs of SUSTAIN 2--5 and 7 have been reported previously (Table [S1](#dom13816-supitem-0002){ref-type="supplementary-material"}).[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"} Patients with T2D were randomized to receive semaglutide 0.5 mg, semaglutide 1.0 mg (except SUSTAIN 3, semaglutide 1.0 mg only) or comparator/placebo \[sitagliptin 100 mg for 56 week (SUSTAIN 2); exenatide ER 2.0 mg for 56 week (SUSTAIN 3); IGlar for 30 week (SUSTAIN 4); placebo for 30 week (SUSTAIN 5); dulaglutide 0.75 mg or 1.5 mg for 40 week (SUSTAIN 7)\].[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"}

In all SUSTAIN trials, semaglutide‐treated patients followed a fixed dose‐escalation to minimize GI AEs. A maintenance dose of semaglutide 0.5 mg was reached after 4 week of semaglutide 0.25 mg. A maintenance dose of semaglutide 1.0 mg was reached after 4 weeks of semaglutide 0.25 mg, followed by 4 week of semaglutide 0.5 mg.[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"}

Trial medication was added on to oral glucose‐lowering therapy (SUSTAIN 2--4 and 7) and basal insulin (SUSTAIN 5; Table [S1](#dom13816-supitem-0002){ref-type="supplementary-material"}). Background therapy remained unchanged, unless the criteria for rescue treatment were met.[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"}

2.2. Patient population {#dom13816-sec-0008}
-----------------------

Key patient inclusion criteria were similar across SUSTAIN 2--5 and 7; age ≥ 18 years and inadequately controlled T2D (HbA1c 7.0--10.0%, SUSTAIN 4 and 5 and 7.0--10.5%, SUSTAIN 2, 3 and 7).[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"} Key exclusion criteria included: estimated glomerular filtration rate \<60 mL/min/1.73 m^2^ (SUSTAIN 2, 3 and 7) or \<30 mL/min/1.73 m^2^ (SUSTAIN 4 and 5); acute coronary or cerebrovascular event \<90 days before randomization (not specified in SUSTAIN 7); or severe chronic heart failure (New York Heart Association class IV).[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"}

Trials were conducted in compliance with the International Conference on Harmonization Good Clinical Practice guidelines[25](#dom13816-bib-0025){ref-type="ref"}, [26](#dom13816-bib-0026){ref-type="ref"} and the Declaration of Helsinki.[27](#dom13816-bib-0027){ref-type="ref"} The protocols were approved by local ethics committees and institutional review boards.

2.3. Study endpoints and DTSQ assessments {#dom13816-sec-0009}
-----------------------------------------

Prespecified study endpoints were similar across the trials.[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"} The primary endpoint was change in HbA1c from baseline to end of treatment. Secondary endpoints included change in body weight from baseline to end of treatment and other efficacy, safety and tolerability variables.

The DTSQ status version (DTSQs) comprises six questions to assess patient‐perceived treatment satisfaction; each question is scored on a scale of 0 to 6, with higher scores indicating better treatment satisfaction. Scores are added to provide an overall treatment satisfaction score ranging from 0 to 36. Two additional questions to assess perceived hyperglycaemia and hypoglycaemia are treated separately, with lower scores indicating a perception of blood glucose levels that are closer to ideal (Table [S2](#dom13816-supitem-0003){ref-type="supplementary-material"}).[13](#dom13816-bib-0013){ref-type="ref"}, [15](#dom13816-bib-0015){ref-type="ref"}

In all trials, the DTSQs was completed by patients at randomization and at end of treatment (either planned or at premature discontinuation), preferably before any other trial‐related activities.

In SUSTAIN 7, DTSQs assessments were also completed at week 16 (corresponding to weeks 12 and 8 after dose‐escalation in the 0.5 mg and 1.0 mg semaglutide treatment groups, respectively; there was no dose escalation with dulaglutide).

2.4. Statistical analyses {#dom13816-sec-0010}
-------------------------

Responses to DTSQs questions were analyzed based on the full analysis set from the observation period, including all patients on treatment without the addition of rescue medication who had completed the DTSQ assessment at the end of treatment. The observation period was prespecified and implemented to avoid potential interference because of the initiation of rescue medication.

In SUSTAIN 2--5, postbaseline DTSQ responses were analyzed using an analysis of covariance model, with treatment and country as fixed factors and baseline value as covariate. In addition, SUSTAIN 4 had stratum \[pretrial oral glucose‐lowering drug at screening (metformin, or metformin and sulphonylurea)\] as a fixed factor, and SUSTAIN 5 had stratification variables \[HbA1c level at screening (≤8% or \>8%) and use of metformin (yes or no)\] as fixed factors. Mean estimates were adjusted according to observed baseline distributions.

In SUSTAIN 7, postbaseline DTSQ responses were analyzed using a mixed model for repeated measurements, with treatment and country as fixed factors and baseline value as covariate, all nested within visit. As prespecified in SUSTAIN 7, semaglutide 0.5 mg was compared with dulaglutide 0.75 mg, and semaglutide 1.0 mg was compared with dulaglutide 1.5 mg.

From these models, the adjusted estimated treatment differences between semaglutide and comparators/placebo were calculated, and presented together with an associated two‐sided 95% confidence interval and unadjusted two‐sided *P*‐value.

To determine whether changes in treatment satisfaction could be considered to constitute meaningful improvements, a distribution‐based approach with minimally important changes (MICs) was used. MICs have not been defined for the DTSQ; however, they have been previously evaluated for DTSQ using a distribution‐based approach.[28](#dom13816-bib-0028){ref-type="ref"} MICs were calculated as 0.5 × standard deviation of the DTSQ score at baseline,[28](#dom13816-bib-0028){ref-type="ref"}, [29](#dom13816-bib-0029){ref-type="ref"} for both overall treatment satisfaction and individual questions per trial. MICs are applicable to the evaluation of absolute changes from baseline in DTSQ scores, but not for differences between treatments. Baseline standard deviation was calculated from all non‐missing items for the full analysis set. Changes from baseline in DTSQ (individual questions and overall treatment satisfaction) were compared with the MICs, and any changes from baseline greater or equal to the MICs were considered meaningful.

In post hoc analyses, patients in each trial were divided into subgroups based on the presence or absence of GI AEs (nausea, diarrhoea, vomiting, dyspepsia and gastroesophageal reflux), achieving or not achieving WL ≥ 5%, and achieving or not achieving HbA1c \< 7%. For subgroup analyses, postbaseline responses were analyzed using the same approach as overall treatment satisfaction, with the addition of the analyzed subgroup event \[GI AE (yes/no), achieved WL ≥ 5% (yes/no), achieved HbA1c \< 7% (yes/no)\] interacting with treatment as fixed factors. SUSTAIN 7 included GI AE (yes/no) prior to week 16 as a fixed factor. Mean estimates were adjusted according to observed baseline distribution.

3. RESULTS {#dom13816-sec-0011}
==========

3.1. Patient disposition and baseline characteristics {#dom13816-sec-0012}
-----------------------------------------------------

Overall, 4731 patients with T2D were randomized to once‐weekly semaglutide 0.5 mg or 1.0 mg, or comparator/placebo treatment. Of these, 4711 (99.6%) were exposed to investigational product (1204, semaglutide 0.5 mg; 1604, semaglutide 1.0 mg; and 1903, comparator/placebo), and 4435 (93.7%) completed their respective trial.

Approximately 80% of randomized patients on treatment without rescue medication recorded data for DTSQ at baseline and end of treatment (Table [S1](#dom13816-supitem-0002){ref-type="supplementary-material"}). Across trials, \~14% of patients discontinued treatment prematurely, for reasons which included pregnancy, protocol violation and AEs, and \~6% withdrew from the trial, were lost to follow‐up, or had missing follow‐up information (Table [S1](#dom13816-supitem-0002){ref-type="supplementary-material"}). Among patients randomized to semaglutide, there were no significant differences between DTSQ completers and non‐completers in key baseline characteristics, except with respect to ethnicity: there was a greater proportion of Hispanic/Latino patients in the DTSQ non‐completer group (Table [S3](#dom13816-supitem-0004){ref-type="supplementary-material"}).

Overall, baseline characteristics were similar between treatment groups within each trial, while between‐trial differences reflected differences in eligibility criteria: mean baseline age (55.1--58.8 years), HbA1c (8.1--8.4%) and body mass index (32.2--33.8 kg/m^2^). Diabetes duration ranged from 6.6 to 13.3 years (Table [S4](#dom13816-supitem-0005){ref-type="supplementary-material"}).

3.2. Overall treatment satisfaction (combined DTSQ score) {#dom13816-sec-0013}
---------------------------------------------------------

Overall treatment satisfaction increased from baseline to the end of treatment in all treatment arms (Figure [1](#dom13816-fig-0001){ref-type="fig"}A). The magnitude of the increase was significantly greater for semaglutide versus comparators/placebo in SUSTAIN 2--5, and similar for semaglutide and dulaglutide in SUSTAIN 7. The change in overall treatment satisfaction was greater with semaglutide 1.0 mg versus semaglutide 0.5 mg, except in SUSTAIN 7, where improvements were the same with both doses.

![(A) Change in overall treatment satisfaction score from baseline to end of treatment and (B) proportion of patients achieving improvements in overall treatment satisfaction (≥MIC) from baseline to end of treatment. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 for semaglutide versus comparator. Overall treatment satisfaction as measured by DTSQ scores ranging from 0 to 36, where higher scores indicate better satisfaction. Bars may appear larger or smaller than the number indicated because of rounding to one decimal point. Mean observed values are based on the FAS and LOCF imputed data. For SUSTAIN 2--5, postbaseline data were analyzed using an ANCOVA model with treatment, country and stratum as fixed factors and baseline value as covariate. Mean estimates were adjusted according to observed baseline distribution. For SUSTAIN 7, postbaseline data were analyzed using an MMRM with treatment and country as fixed factors and baseline value as covariate, all nested within visit. MIC is calculated as 0.5×SD of the baseline score^28,29^ for each individual trial. Baseline SD is calculated from all non‐missing items for the FAS. Values for sitagliptin (SUSTAIN 2) and placebo (SUSTAIN 5) are pooled (mean) values. Abbreviations: ANCOVA, analysis of covariance; DTSQ, Diabetes Treatment Satisfaction Questionnaire; exenatide ER, exenatide extended release; FAS, full analysis set; IGlar, insulin glargine; LOCF, last observation carried forward; MIC, minimally important change; MMRM, mixed model for repeated measurements; SD, standard deviation](DOM-21-2315-g001){#dom13816-fig-0001}

The mean change from baseline in overall treatment satisfaction reached or exceeded the calculated MICs in all treatment arms across trials, except for semaglutide 0.5 mg and placebo in SUSTAIN 5 (Figure [1](#dom13816-fig-0001){ref-type="fig"}A). Across all trials, a meaningful improvement in overall treatment satisfaction score (i.e. change ≥MIC) was achieved by 37.7--55.8% of patients treated with semaglutide 0.5 mg, 40.5--62.2% with semaglutide 1.0 mg, 34.2% with placebo, and 46.4--52.8% with active comparators (Figure [1](#dom13816-fig-0001){ref-type="fig"}B). The proportion of patients with a meaningful increase in treatment satisfaction score was generally numerically higher with semaglutide versus comparators, except in SUSTAIN 7, in which similar proportions of patients on semaglutide 1.0 mg and dulaglutide 1.5 mg had meaningful improvements (49.5% and 50.7%, respectively).

3.3. Individual DTSQ items {#dom13816-sec-0014}
--------------------------

Changes in response to the six individual DTSQ questions contributing to overall treatment satisfaction (Table [S2](#dom13816-supitem-0003){ref-type="supplementary-material"}) were generally more favourable for semaglutide versus comparators/placebo for SUSTAIN 2--5, and similar for semaglutide and dulaglutide in SUSTAIN 7 (Figure [S1](#dom13816-supitem-0001){ref-type="supplementary-material"}).

3.4. Perceived frequency of hyperglycaemia and hypoglycaemia {#dom13816-sec-0015}
------------------------------------------------------------

Scores for the question on perceived hyperglycaemia decreased (indicating improvement) between baseline and the end of treatment in all treatment arms (Figure [2](#dom13816-fig-0002){ref-type="fig"}A). These reductions were significantly greater with semaglutide versus active comparators (including dulaglutide) or placebo. By contrast, perceptions of hypoglycaemia did not improve in all treatment arms, and there were no significant differences between semaglutide and any of the active comparators or placebo in the magnitude of change from baseline (Figure [2](#dom13816-fig-0002){ref-type="fig"}B).

![Change in (A) perceived hyperglycaemia and (B) hypoglycaemia from baseline to end of treatment. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 for semaglutide versus comparator. Patients responded on a scale of 0--6 to the question 'How often have you felt that your blood sugars have been unacceptably high/low recently?' where 0 was the fewest times and 6 was the most times. Observed 'on‐treatment without rescue medication data'. Bars may appear larger or smaller than the number indicated because of rounding to one decimal point. For SUSTAIN 2--5, postbaseline data were analyzed using an ANCOVA model with treatment, country and stratum as fixed factors and baseline value as covariate. Mean estimates were adjusted according to observed baseline distribution. For SUSTAIN 7, postbaseline data were analyzed using an MMRM with treatment and country as fixed factors and baseline value as covariate, all nested within visit. Abbreviations: ANCOVA, analysis of covariance; DTSQ, Diabetes Treatment Satisfaction Questionnaire; exenatide ER, exenatide extended release; IGlar, insulin glargine; MMRM, mixed model for repeated measurements](DOM-21-2315-g002){#dom13816-fig-0002}

3.5. Subgroup analysis: the effect of outcomes on overall treatment satisfaction {#dom13816-sec-0016}
--------------------------------------------------------------------------------

In post hoc analyses of the impact of GI AEs or treatment efficacy (WL ≥ 5% or attainment of HbA1c \< 7%) on overall treatment satisfaction, mean scores increased from baseline to the end of treatment in all subgroups, although the increases were not all statistically significant (Figures [3](#dom13816-fig-0003){ref-type="fig"}, [4](#dom13816-fig-0004){ref-type="fig"}, [5](#dom13816-fig-0005){ref-type="fig"}).

![Change in overall treatment satisfaction score from baseline to end of treatment by the presence or absence of GI AEs in (A) SUSTAIN 2, (B) SUSTAIN 3, (C) SUSTAIN 4, (D) SUSTAIN 5 and (E) SUSTAIN 7. \**P* \< 0.05 for semaglutide versus comparator within subgroup; no significant differences were observed in change from baseline with GI AEs and without GI AEs for each treatment arm. Treatment satisfaction as measured by DTSQ scores ranging from 0 to 6, where higher scores indicate better satisfaction. Bars may appear larger or smaller than the number indicated because of rounding to one decimal point. Only trial completers are included in the analysis. Number of patients in each trial are those exposed to at least one dose of trial drug who did not receive rescue medication. For SUSTAIN 2--5, postbaseline data were analyzed using an ANCOVA model with treatment, country and stratum as fixed factors and baseline value as covariate. Mean estimates were adjusted according to observed baseline distribution. For SUSTAIN 7, postbaseline data were analyzed using an MMRM with treatment and country as fixed factors and baseline value as covariate, all nested within visit. Abbreviations: AE, adverse event; ANCOVA, analysis of covariance; DTSQ, Diabetes Treatment Satisfaction Questionnaire; exenatide ER, exenatide extended release; GI, gastrointestinal; IGlar, insulin glargine; MMRM, mixed model for repeated measurements](DOM-21-2315-g003){#dom13816-fig-0003}

![Change in overall treatment satisfaction score from baseline to end of treatment in patients who did or did not achieve WL ≥ 5% in (A) SUSTAIN 2, (B) SUSTAIN 3, (C) SUSTAIN 4, (D) SUSTAIN 5 and (E) SUSTAIN 7. \**P* \< 0.05 for semaglutide versus comparator within subgroup; †*P* \< 0.05 for difference in change from baseline between patients who achieved ≥5% WL versus those with WL \< 5% for each treatment arm. Treatment satisfaction as measured by DTSQ scores ranging from 0 to 6, where higher scores indicate better satisfaction. Bars may appear larger or smaller than the number indicated because of to rounding to one decimal point. Only trial completers are included in the analysis. Number of patients in each trial are those exposed to at least one dose of the trial drug who did not receive rescue medication. For SUSTAIN 2--5, postbaseline data were analyzed using an ANCOVA model with treatment, country and stratum as fixed factors and baseline value as covariate. Mean estimates were adjusted according to observed baseline distribution. For SUSTAIN 7, postbaseline data were analyzed using an MMRM with treatment and country as fixed factors and baseline value as covariate, all nested within visit. Abbreviations: ANCOVA, analysis of covariance; DTSQ, Diabetes Treatment Satisfaction Questionnaire; exenatide ER, exenatide extended release; IGlar, insulin glargine; MMRM, mixed model for repeated measurements; WL, weight loss](DOM-21-2315-g004){#dom13816-fig-0004}

![Change in overall treatment satisfaction from baseline to end of treatment in patients who did or did not achieve HbA1c \< 7% in (A) SUSTAIN 2, (B) SUSTAIN 3, (C) SUSTAIN 4, (D) SUSTAIN 5 and (E) SUSTAIN 7. \**P* \< 0.05 for semaglutide versus comparator within subgroup. †*P* \< 0.05 for difference in change from baseline between patients with HbA1c \< 7% and HbA1c ≥ 7% for each treatment arm. Treatment satisfaction as measured by DTSQ scores ranging from 0 to 6, where higher scores indicate better satisfaction. Bars may appear larger or smaller than the number indicated because of rounding to one decimal point. Only trial completers are included in the analysis. Number of patients in each trial are those exposed to at least one dose of trial drug who did not receive rescue medication. For SUSTAIN 2--5, postbaseline data were analyzed using an ANCOVA model with treatment, country and stratum as fixed factors and baseline value as covariate. Mean estimates were adjusted according to observed baseline distribution. For SUSTAIN 7, postbaseline data were analyzed using an MMRM with treatment and country as fixed factors and baseline value as covariate, all nested within visit. Abbreviations: ANCOVA, analysis of covariance; DTSQ, Diabetes Treatment Satisfaction Questionnaire; exenatide ER, exenatide extended release; IGlar, insulin glargine; MMRM, mixed model for repeated measurements](DOM-21-2315-g005){#dom13816-fig-0005}

### 3.5.1. GI AEs {#dom13816-sec-0017}

In SUSTAIN 2--5, increase in overall treatment satisfaction (DTSQ score) from baseline to end of treatment was similar in both patients with or without GI AEs (Figure [3](#dom13816-fig-0003){ref-type="fig"}A--D).

In SUSTAIN 7, the changes in overall treatment satisfaction from baseline to week 16 were significantly lower in patients with versus those without GI AEs for semaglutide (0.5 mg: 2.95 vs. 4.27, *P* = 0.0322; 1.0 mg: 2.80 vs. 4.03, *P* = 0.0462) and dulaglutide 1.5 mg (3.56 vs. 4.74, *P* = 0.0491), but not for dulaglutide 0.75 mg (3.54 vs. 4.62, *P* = 0.1056). However, by week 40, change from baseline in overall treatment satisfaction was similar for patients with or without GI AEs, in all treatment groups (Figure [3](#dom13816-fig-0003){ref-type="fig"}E).

Semaglutide consistently showed greater numerical change from baseline in overall treatment satisfaction score versus comparators/placebo, regardless of the presence or absence of GI AEs (Figure [3](#dom13816-fig-0003){ref-type="fig"}A--D). Differences between semaglutide 1.0 mg and comparators/placebo were significant for patients without GI AEs in SUSTAIN 2--5, and for patients with GI AEs in SUSTAIN 2 and 4 (*P* \< 0.05; Figure [3](#dom13816-fig-0003){ref-type="fig"}A--D). The majority of other differences between semaglutide and comparator/placebo score were non‐significant. In SUSTAIN 7, changes in score from baseline to end of treatment were similar for semaglutide and dulaglutide, for both the low‐ and high‐dose comparisons (Figure [3](#dom13816-fig-0003){ref-type="fig"}E).

### 3.5.2. Weight loss {#dom13816-sec-0018}

In SUSTAIN 2--5, the magnitude of change in overall treatment satisfaction score from baseline to end of treatment was generally greater in patients with WL ≥ 5% versus those with WL \< 5% for all treatment arms (Figure [4](#dom13816-fig-0004){ref-type="fig"}A--D), but the differences were not statistically significant. In SUSTAIN 7, the change from baseline to end of treatment in overall treatment satisfaction was generally similar in both WL subgroups, except for dulaglutide 1.5 mg, in which the change was significantly greater in patients with WL ≥ 5% versus those with WL \< 5% (*P* \< 0.05; Figure [4](#dom13816-fig-0004){ref-type="fig"}E).

In SUSTAIN 2--5, changes from baseline in overall treatment satisfaction score were generally greater for semaglutide versus comparator/placebo, in both WL categories. Differences between semaglutide 1.0 mg and comparator were mostly significant (*P* \< 0.05; Figure [4](#dom13816-fig-0004){ref-type="fig"}A--D).

In SUSTAIN 7, changes in overall treatment satisfaction score were similar for semaglutide and dulaglutide in both WL categories (Figure [4](#dom13816-fig-0004){ref-type="fig"}E).

### 3.5.3. Glycaemic control {#dom13816-sec-0019}

Changes in overall treatment satisfaction score were generally greater in patients with HbA1c \< 7% versus those with HbA1c ≥ 7% (Figure [5](#dom13816-fig-0005){ref-type="fig"}A--E). However, differences between these groups were significant only for semaglutide 1.0 mg in SUSTAIN 2 and 7, placebo in SUSTAIN 5 and dulaglutide 1.5 mg in SUSTAIN 7 (*P* \< 0.05; Figure [5](#dom13816-fig-0005){ref-type="fig"}A,D,E).

There were few significant differences between semaglutide and comparator/placebo in this analysis. In patients with HbA1c \< 7%, changes from baseline in overall treatment satisfaction were significantly greater with semaglutide 1.0 mg versus sitagliptin and placebo in SUSTAIN 2 and 5, respectively (*P* \< 0.05; Figure [5](#dom13816-fig-0005){ref-type="fig"}A,D), but there were no other significant differences between treatments.

4. DISCUSSION {#dom13816-sec-0020}
=============

Efficacy and safety data from clinical trials are key factors for clinicians when considering treatment options for patients with T2D. However, in this era of individualized care, patients\' preferences, needs and values should also guide decision‐making.[7](#dom13816-bib-0007){ref-type="ref"}, [8](#dom13816-bib-0008){ref-type="ref"}

Patients will probably adhere more to treatment they are satisfied with,[30](#dom13816-bib-0030){ref-type="ref"} so taking their views into consideration may have an important impact in the real‐world setting. Adherence and treatment persistence will probably be lower in a real‐world versus clinical‐trial setting, because patients typically have less contact with their physician and may have more concerns about their treatment, including hypoglycaemia and weight gain.[31](#dom13816-bib-0031){ref-type="ref"}

The DTSQ was used as it is a validated tool for measuring treatment satisfaction in patients with diabetes.[13](#dom13816-bib-0013){ref-type="ref"} Furthermore, the SUSTAIN trials are large, randomized controlled trials with \~80% of the patients participating in PRO assessments. It is possible that the exclusion of patients who did not complete the PRO assessments (20%) may have introduced bias. For example, patients who did not complete the DTSQ because of AEs can be assumed to have had a lower level of treatment satisfaction. Also, there was a greater proportion of Hispanic/Latino patients in the DTSQ non‐completer group than in the completer group, despite the DTSQ being available in both English and Spanish at the US trial sites. Despite a protocol recommendation to complete the DTSQ prior to any trial‐related activity, this may not have been possible for all patients as clinical assessments may sometimes have been prioritized over completion of the DTSQ. In such cases, data from the non‐completers are missing at random and are, therefore, unlikely to introduce bias. The current analysis, which included patients enrolled in SUSTAIN 2--5 and 7, showed that overall treatment satisfaction increased in all treatment arms between baseline and the end of treatment, despite the majority of patients adding an injectable therapy to their oral treatment regimen.[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"} Furthermore, semaglutide was associated with significantly greater overall treatment satisfaction compared with sitagliptin, exenatide ER, IGlar and placebo added on to basal insulin (SUSTAIN 2--5).

In SUSTAIN 7, an open‐label trial[24](#dom13816-bib-0024){ref-type="ref"} in which patients administered treatment with a multi‐use pen device without a hidden needle for semaglutide or a single‐use pen with a hidden needle for dulaglutide, changes in overall treatment satisfaction were similar for both treatments. Previous studies have shown a preference for the dulaglutide device when compared with devices similar to that used with semaglutide.[32](#dom13816-bib-0032){ref-type="ref"}, [33](#dom13816-bib-0033){ref-type="ref"} However, the current analysis indicated no device preference based on overall treatment satisfaction, as treatments had similar patient‐perceived outcomes. Speculatively, any difference in treatment satisfaction as a result of injection devices may have been offset by the significantly greater glycaemic efficacy and WL reported for semaglutide versus dulaglutide at both low and high doses.[24](#dom13816-bib-0024){ref-type="ref"}

In a survey comparing exenatide twice daily with liraglutide, the most important drivers of patient preference were efficacy, less frequent dosing, and lower risk of nausea and hypoglycaemia.[34](#dom13816-bib-0034){ref-type="ref"} Our post hoc subgroup analyses suggest that glycaemic efficacy and WL may be associated with greater treatment satisfaction. The magnitude of change from baseline in overall treatment satisfaction was greater, although not significantly, in patients who achieved WL ≥ 5% or HbA1c \< 7% versus those who did not.

We did not find compelling evidence to support a sustained relationship between the occurrence of GI AEs and treatment satisfaction. In SUSTAIN 7, overall treatment satisfaction was significantly lower at week 16, for both semaglutide and dulaglutide, in patients who had GI AEs compared with those who did not. However, these differences disappeared by week 40, reflecting a transient nature of GI AEs, often of short duration and primarily reported during dose escalation in the weeks following treatment initiation.[35](#dom13816-bib-0035){ref-type="ref"} In addition, significantly higher overall treatment satisfaction was reported in patients with HbA1c \< 7% versus HbA1c ≥ 7% for semaglutide 1.0 mg and dulaglutide 1.5 mg in SUSTAIN 7. This is in line with the results of previous studies that showed treatment efficacy to be an important driver of overall treatment satisfaction in patients with T2D.[10](#dom13816-bib-0010){ref-type="ref"}, [11](#dom13816-bib-0011){ref-type="ref"} Differences in treatment satisfaction across subgroups tended to reflect those of the overall population, but did not always reach statistical significance. This may, in part, be attributable to low patient numbers in some subgroups. Notably, there was a consistent and significant difference between semaglutide 1.0 mg and comparator in SUSTAIN 2--5, even in patients who did not achieve WL ≥ 5%. These findings suggest that several factors, including glycaemic control and body weight, are involved in driving treatment satisfaction with semaglutide. Although the achievement of glycaemic targets and of weight‐loss responses appear to be positively associated with treatment satisfaction in the overall SUSTAIN 2--5 and 7 patient population, such findings may vary across different patients. For example, in older patients (aged ≥65 years)---the proportion of whom ranged from 18% in SUSTAIN 2 to 29% in SUSTAIN 5---their vulnerability to hypoglycaemia and age‐related comorbidities may mean that the association between achieving glycaemic targets or weight‐loss responses and treatment satisfaction is different.[36](#dom13816-bib-0036){ref-type="ref"}, [37](#dom13816-bib-0037){ref-type="ref"} Such subgroup analyses are an area for further investigation.

Changes from baseline in perceived hypoglycaemia were generally low across all treatment arms, with no significant differences between the treatment arms. However, this may reflect the low perception of hypoglycaemia at baseline. It could be speculated that frequent contact with healthcare professionals in the SUSTAIN programme may also have reduced patients\' worries around hypoglycaemia. Furthermore, the risk of hypoglycaemia in the general study population was low, and it can be hypothesized that this, in part, resulted from the exclusion of patients with recurrent severe hypoglycaemia and/or hypoglycaemia unawareness from some of the trials (SUSTAIN 4 and 5).

In all of the trials included in this analysis, reductions in HbA1c were significantly greater with semaglutide versus comparators.[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"} These reductions are reflected in our results by the significant reduction in patient‐perceived hyperglycaemia with semaglutide versus comparators/placebo. These results, and the increase in overall treatment satisfaction observed with semaglutide versus comparators, are consistent with the results of previous studies in which reductions in perceived hyperglycaemia, as measured by DTSQ, were associated with increased treatment satisfaction.[38](#dom13816-bib-0038){ref-type="ref"}, [39](#dom13816-bib-0039){ref-type="ref"}

One limitation of the DTSQ is that the individual questions do not indicate whether changes in overall treatment satisfaction are driven by drug effect, route of administration (oral/injection), or other characteristics specific to the drug class. However, in some SUSTAIN trials (SUSTAIN 2 and 5), a double‐blind, double‐dummy design was used.[19](#dom13816-bib-0019){ref-type="ref"} In this setting, patients would not be aware of differences in administration routes between treatment arms. This means that there may be a potential bias in patient‐reported treatment satisfaction in the three SUSTAIN trials (SUSTAIN 3, 4 and 7) in which an open‐label design was necessary, because of the different injection devices used for the trial product in each treatment arm.[19](#dom13816-bib-0019){ref-type="ref"} Furthermore, as the DTSQ is patient‐reported, the data should be interpreted with caution. In particular, responses to questions on hypoglycaemia and hyperglycaemia will be influenced by patients\' prior experience of glycaemic abnormalities. The greater frequency of clinic visits and contacts with healthcare professionals that patients experience in clinical trials (vs. the intermittent ones that patients have in clinical practice) may, in itself, contribute to improvement in treatment satisfaction. However, the intrinsic design of a randomized parallel‐group clinical trial should ensure that any trial‐related improvements are equally distributed across treatment arms, including the placebo group.[40](#dom13816-bib-0040){ref-type="ref"} Cut‐offs for HbA1c and weight loss response were chosen based on clinical relevance and alignment with the primary SUSTAIN trials. While correlation between these outcomes and changes in DTSQ could have also been analyzed, assessing differences between "responders" and "non‐responders" was more relevant in the context of drivers of DTSQ score change from baseline. The rationale is that such subgroup analyses enable us to assess whether those individuals who achieved HbA1c targets (as laid out in guidelines) and weight loss deemed clinically meaningful had greater treatment satisfaction than those who did not.

The clinical significance of changes measured with the DTSQ has been debated. Although there is no predetermined MIC for many PRO tools, including the DTSQ, the use of MICs provides some guidance on DTSQ score changes that an individual would consider meaningful.[30](#dom13816-bib-0030){ref-type="ref"} A meaningful increase from baseline in overall treatment satisfaction (≥MIC) was achieved by approximately half of all patients treated with GLP‐1RAs, oral glucose‐lowering drugs or insulin. Although the absolute change from baseline in overall treatment satisfaction was significantly greater with semaglutide versus comparators, the treatment differences were numerically small. To our knowledge, there are currently no MICs or other measures to evaluate clinically meaningful differences in patient‐reported treatment satisfaction or quality of life between treatments. Further research is required to fill the knowledge gap on how treatment differences in DTSQ and other PRO tools translate into clinically meaningful improvements.

In conclusion, the clinical benefits of once‐weekly semaglutide versus comparators/placebo in patients with T2D, as evidenced by the SUSTAIN trial programme, are accompanied by significantly greater (SUSTAIN 2--5) or similar (SUSTAIN 7) improvements in patient‐perceived overall treatment satisfaction measured by DTSQ. Although GI AEs are frequently reported with GLP‐1RA therapy, their presence (or absence) did not significantly diminish long‐term patient‐perceived treatment satisfaction. Treatment satisfaction, in addition to efficacy and safety findings, is an additional factor that should be considered when selecting glucose‐lowering therapy for people with T2D.
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**Figure S1.** Estimated treatment differences for change from baseline to end of treatment in the six individual DTSQ questions contributing to overall treatment satisfaction.
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Click here for additional data file.
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**Table S1.** Clinical trial design overview and patient disposition in the SUSTAIN 2--5 and 7 trials[19](#dom13816-bib-0019){ref-type="ref"}, [20](#dom13816-bib-0020){ref-type="ref"}, [21](#dom13816-bib-0021){ref-type="ref"}, [22](#dom13816-bib-0022){ref-type="ref"}, [24](#dom13816-bib-0024){ref-type="ref"}.
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**Table S2.** Questions assessed in the DTSQ (status version)[14](#dom13816-bib-0014){ref-type="ref"}, [15](#dom13816-bib-0015){ref-type="ref"}.
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**Table S3.** Baseline characteristics by DTSQ completion in the SUSTAIN 2--5 and 7 trials.
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**Table S4.** Baseline characteristics in the SUSTAIN 2--5 and 7 trials^19--22,24.^
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